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We investigate the Λ(1520) hadronic production in the pp→ pK+Λ(1520) and pi−p→ K0Λ(1520)
reactions within the effective Lagrangian method. For pi−p→ K0Λ(1520) reaction, in addition to the
”background” contributions from t−channel K∗ exchange, u−channel Σ+ exchange, and s−channel
nucleon pole terms, we also consider the contribution from the nucleon resonance N∗(2080) (spin-
parity JP = 3/2−), which has significant coupling to KΛ(1520) channel. We show that the inclusion
of the N∗(2080) leads to a fairly good description of the low energy experimental total cross section
data of pi−p→ K0Λ(1520) reaction. From fitting to the experimental data, we get the N∗(2080)Npi
coupling constant gN∗(2080)Npi = 0.14± 0.04. By using this value and with the assumption that the
excitation of N∗(2080) is due to the pi0-meson exchanges, we calculate the total and differential cross
sections of pp → pK+Λ(1520) reaction. We also demonstrate that the invariant mass distribution
and the Dalitz Plot provide direct information of the Λ(1520) production, which can be tested by
future experiments.
PACS numbers: 13.75.-n.; 14.20.Gk.; 13.30.Eg.
I. INTRODUCTION
The study of hadron structure and the spectrum of
hadron resonance is one of the most important issues in
hadronic physics and is attracting much attention (see
Ref. [1] for a general review). In past decades, many ex-
cited states of baryon were observed and their properties
have been measured [2]. For those nucleon resonances
with mass below 2.0 GeV, most of their parameters, such
as mass, total decay width, decay modes, etc., have been
more or less studied both on experimental and theoretical
sides. However, for the states around or above 2.0 GeV,
our present knowledge on them is still in its infancy [2].
Moreover there are still many theoretical predictions of
”missing N∗ states” around 2.0 GeV, which have not so
far been observed [3]. Since more number of effective
degree of freedoms will induce more predicted number
of excited states, the ”missing N∗ states” problem is in
favor of the diquark configuration which has less degree
of freedom and predicts less N∗ states [4]. So, study-
ing the nucleon resonances around or above 2.0 GeV, not
only on experimental side but also on theoretical side, is
interesting and needed.
The associated strangeness production reaction, pp→
pK+Λ(1520), is interesting. Firstly, this reaction requires
the creation of an ss¯ quark pair. Thus, a thorough and
dedicated study of strangeness production mechanism in
this reaction has the potential to gain a deeper under-
standing of the interaction among strange hadrons and
also on the nature of baryon resonances. Secondly, it is
a good channel to study the N∗ resonances around 2.0
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GeV which have significant couplings to KΛ(1520) chan-
nel, because the KΛ(1520) is a pure isospin 1/2 chan-
nel and the production threshold of KΛ(1520) is about
2.0 GeV (mK +mΛ(1520) ≃ 2.0 GeV). Thirdly, the near
threshold differential and total cross sections for kaon
pair production in the pp → ppK+K− reaction have
been measured by DISTO Collaboration [5], COSY-11
Collaboration [6, 7], and COSY-ANKE Collaboration [8–
10]. These results show clear evidence for the excitation
and decay of φ meson sitting on a smooth K+K− back-
ground. For the non-φ kaon pair production, the role
of the low energy Λ excited state, Λ(1405), have been
studied in Ref. [11] by using chiral unitary theory and in
Ref. [12] within an unified approach using an effective La-
grangian model. Since the Λ(1405) state lies below K−p
threshold, it is expected to give significant contribution
at the energies near the reaction threshold. However, at
higher energies, the next Λ excited state, Λ(1520), could
be important for the non-φ kaon pair production in the
pp → pK+Λ(1520) → pK+K−p reaction [13]. Further-
more, the pp → pK+Λ(1520) reaction is also the basic
input for the Λ(1520) production in the proton-nucleus
reactions [14].
In Refs. [15–17], the contribution from a nucleon res-
onance with spin-parity 3/2− and mass around 2.1 GeV
was studied in the Λ(1520) (≡ Λ∗) photo- or electro-
production processes. They all found that this nucleon
resonance has a significant coupling to KΛ(1520) chan-
nel and plays an important role in these reactions. Be-
fore the year of 2012, this nucleon resonance was filed
as a two-star nucleon resonance N∗(2080) in the Parti-
cle Date Group (PDG) review, which is now named as
N∗(2120) [2]. Even though, in order for convenience,
here after, we still call it as N∗(2080).
In the present work, we study the role of N∗(2080)
resonance (≡ N∗) in the pp→ pK+Λ(1520) and π−p→
2K0Λ(1520) reactions within the effective Lagrangian
method. Since the information about N∗(2080) reso-
nance is scarce [2] and the knowledge of its properties,
like mass, total decay width, branch ratios, are poor, we
take its mass and total decay width as 2115 MeV and 254
MeV, respectively, which are obtained by fitting them to
the experimental data on the γp→ K+Λ(1520) reaction
in Ref. [15]. For the N∗(2080)KΛ(1520) coupling con-
stant, we also take the value that was obtained in our
previous work [15]. Finally, from fitting to the experi-
mental data of π−p → K0Λ(1520) reaction, we can get
the N∗(2080)Nπ coupling constant, then we study the
role of N∗(2080) resonance in the pp → pK+Λ(1520)
reaction with the assumption that the production mech-
anism is due to the π0-meson exchange.
It will be helpful to mention that though the effec-
tive Lagrangian method is a convenient tool to catch
the qualitative features of the reaction processes, it is
not consistent with the unitary requirements, which in
principle are important for extracting the parameters of
the nucleon resonances from the analysis of the exper-
imental data [18, 19], especially for those reactions in-
volving many intermediate couple channels and three-
particle final states [20, 21]. In the present work, bas-
ing on phenomenological Lagrangians, we only consider
the tree-diagram contributions, in which the unitarity
condition is not ensured and couple channel effects are
not taken into account. However, our model can give a
reasonable description of the experimental data in the
considered energy region. Meanwhile, our calculation
offers some important clues for the mechanisms of the
π−p → K0Λ(1520) reaction and make a first effort to
study the role of N∗(2080) resonance in relevant reac-
tions.
In the next section, we will give the formalism and
ingredients in our calculation, then numerical results and
discussions are given in Sect. III. A short summary is
given in the last section.
II. FORMALISM AND INGREDIENTS
The combination of effective Lagrangian method and
isobar model is an important theoretical approach in de-
scribing the various processes in resonance production
region. In this section, we introduce the theoretical for-
malism and ingredients to calculate the Λ(1520) hadronic
production in π−p→ K0Λ(1520) and pp→ pK+Λ(1520)
reactions within the effective Lagrangian method.
A. Feynman diagrams and interaction Lagrangian
densities
The basic tree level Feynman diagrams for the π−p→
K0Λ(1520) and pp → pK+Λ(1520) reactions are de-
picted in Fig. 1 and Fig. 2, respectively. For the π−p→
K0Λ(1520) reaction, in addition to the ”background” di-
agrams, such as t−channel K∗ exchange (Fig. 1 (b)),
u−channel Σ+ exchange (Fig. 1 (c)), and s−channel nu-
cleon pole diagrams (Fig. 1 (a)), we also consider the
s−channel N∗(2080) resonance excitation process (Fig. 1
(a)). While for the pp → pK+Λ(1520) reaction, the
t−channleK∗ exchange process is neglected since its con-
tribution is small, which will be discussed below. In
Fig. 2, we show the tree-level Feynman diagrams for
pp → pK+Λ(1520) reaction. The diagram Fig. 2(a) and
Fig. 2(c) show the direct processes, while Fig. 2(b) and
Fig. 2(d) show the exchange processes.
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FIG. 1: Feynman diagrams for pi−p → K0Λ(1520) reaction.
The contributions from t−channel K∗ exchange, u−channel
Σ+ exchange, and s−channel nucleon pole and N∗(2080) res-
onance are considered.
For the π−p → K0Λ(1520) reaction, to compute the
contributions of those terms shown in Fig. 1, we use the
interaction Lagrangian densities as in Refs. [15, 22–30],
LpiNN = igpiNNN¯γ5~τ · ~πN, (1)
LKNΛ∗ = gKNΛ
∗
mK
Λ¯∗µ(∂µK)γ5N + h.c., (2)
LpiNN∗ = gpiNN
∗
mpi
N¯∗
µ
γ5(∂µ~τ · ~π)N + h.c., (3)
LKΛ∗N∗ = g1
mK
Λ¯∗µγ5γα(∂
αK)N∗µ +
ig2
m2K
Λ¯∗µγ5 (∂
µ∂νK)N
∗ν + h.c., (4)
for the s−channel neutron pole and N∗(2080) processes,
and
LK∗NΛ∗ = igK∗NΛ∗Λ¯∗µK∗µN + h.c., (5)
LK∗Kpi = gK∗Kpi[K¯(∂µ~τ · ~π)K∗µ − (∂µK¯)~τ · ~πK∗µ]
+h.c., (6)
for the t−channel K∗ exchange process, while
LKNΣ = −igKNΣN¯γ5K~τ · ~Σ + h.c., (7)
LpiΣΛ∗ = gpiΣΛ
∗
mpi
Λ¯∗µγ5(∂µ~π · ~Σ) + h.c., (8)
for the u−channel Σ+ exchange diagram.
The above Lagrangian densities are also used to study
the contributions of the terms shown in Fig. 2 for pp →
pK+Λ(1520) reaction.
3K+ Λ(1520) p
N or
N(2080)
pi0
p p
K+ Λ(1520) p
Σ+
pi0
p p
(a) (b) (c) (d)
FIG. 2: Feynman diagrams for pp → pK+Λ(1520) reaction.
The diagram (a) and (c) show the direct processes, while (b)
and (d) show the exchange processes.
It is worth to note that we use the Rarita-Schwinger
formalism [31, 32] to describe the spin J = 3/2
Λ(1520) andN∗(2080) resonances, while the Λ(1520) and
N∗(2080) hadronic couplings will be discussed in the fol-
lowing section.
B. Coupling constants and form factors
Firstly, the coupling constant for πNN vertex is taken
to be gpiNN = 13.45, and the coupling constant gKNΣ
is taken as 2.69 from SU(3) symmetry. While the
N∗(2080)Λ(1520)K coupling constants g1,2 are taken as
the values that we have obtained in Ref. [15], with the
values g1 = 1.4 and g2 = 5.5. The Λ
∗NK∗ vertex shown
in Eq. (6) is predominantly s−wave, and the value of its
coupling constant, gK∗NΛ∗ , is 0.5, which was obtained
and used in Ref. [22] (see more details about the Λ∗NK∗
couplings in that reference).
Secondly, the coupling constants, gΛ∗KN , gK∗Kpi, and
gΛ∗piΣ, are determined from the experimentally observed
partial decay widths of the K∗ → Kπ, Λ(1520)→ KN ,
and Λ(1520) → πΣ, respectively. With the effective in-
teraction Lagrangians described by Eq. (2), Eq. (6), and
Eq. (8), the partial decay widths ΓΛ(1520)→KN , ΓK∗→Kpi,
and ΓΛ(1520)→piΣ, can be easily calculated. The coupling
constants are related to the partial decay widths as,
ΓΛ(1520)→KN =
g2Λ∗KN
6π
|−−→pc.m.N |3(EN −mN )
m2KMΛ∗
, (9)
ΓK∗→Kpi =
g2K∗Kpi
2π
|−−→pc.m.pi |3
m2K∗
, (10)
ΓΛ(1520)→piΣ =
g2Λ∗piΣ
4π
|−−→pc.m.Σ |3(EΣ −mΣ)
m2piMΛ∗
, (11)
where
EN/Σ =
M2Λ∗ +m
2
N/Σ −m2K/pi
2MΛ∗
, (12)
and
|−−−→pc.m.N/Σ| =
√
E2N/Σ −m2N/Σ, (13)
|−−→pc.m.pi | =
√
[m2K∗ − (mK +mpi)2][m2K∗ − (mK −mpi)2]
2mK∗
.
(14)
With mass (MΛ∗ = 1519.5 MeV, mK∗ = 893.1 MeV),
total decay width (ΓΛ∗ = 15.6 MeV, ΓK∗ = 49.3 MeV),
and decay branching ratios of Λ(1520) [Br(Λ∗ → KN)
= 0.45 ± 0.01, Br(Λ∗ → πΣ) = 0.42 ± 0.01] and K∗
[Br(K∗ → Kπ) ∼ 1], we obtain these coupling constants
as listed in Table I.
TABLE I: Values of the coupling constants required for the
estimation of the pi−p → K0Λ(1520) and pp → pK+Λ(1520)
reactions. These have been estimated from the decay branch-
ing ratios quoted in the PDG book [2], though it should be
noted that these are for all final charged state.
Decay modes Adopted branching ratios g2/4pi a
Λ∗ → KN 0.45 8.77
Λ∗ → piΣ 0.42 0.02
K∗ → Kpi 1.00 0.84
aIt should be stressed that the partial decay width determine only
the square of the corresponding coupling constants as shown in
Eqs. (9, 10, 11), thus their signs remain uncertain. Predictions from
quark model can be used to constrain these signs. Unfortunately,
quark model calculations for these vertices are still sparse. So, in
the present calculation, we choose a positive sign for these results.
Finally, the strong coupling constant gN∗Npi is a free
parameter, which will be obtained by fitting it to the
total cross sections of π−p→ K0Λ(1520) reaction.
Since the hadrons are not point like particles, we ought
to introduce the compositeness of the hadrons. This is
usually achieved by including the relevant off shell form
factors in the amplitudes. There is no unique theoretical
way to introduce the form factors, and this was discussed
at length in the late nineties [33–36]. We adopt here the
common scheme used in many previous works,
fi =
Λ4i
Λ4i + (q
2
i −M2i )2
, i = s, t, u, R (15)
with


q2s = q
2
R = s, q
2
t = t, q
2
u = u,
Ms = mN , MR =MN∗ ,
Mu = mΣ,
Mt = mK∗ ,
(16)
where s, t and u are the Lorentz-invariant Mandelstam
variables. In the present calculation, qs = qR = p1 + p2,
qt = p1−p3, and qu = p4−p1 are the 4-momentum of in-
termediate nucleon pole and N∗(2080) in the s−channel,
exchanged K∗ meson in the t−chanel, and exchanged
Σ+ in the u−channel, respectively. While p1, p2, p3 and
p4 are the 4-momenta for π
−, p, K0 and Λ(1520), respec-
tively. Besides, we will consider different cut-off values
4for the background and resonant terms, i.e. Λs = Λt =
Λu 6= ΛR.
For pp→ pK+Λ(1520) reaction, we also need the rele-
vant off-shell form factors for πNN and πNN∗ vertexes.
We take them as
FNNpi (k
2
pi) =
Λ2pi −m2pi
Λ2pi − k2pi
, (17)
FN
∗N
pi (k
2
pi) =
Λ∗2pi −m2pi
Λ∗2pi − k2pi
, (18)
with kpi the 4-momentum of the exchanged π meson. The
cutoff parameters are taken as Λpi = Λ
∗
pi = 1.3 GeV as
used in Ref. [30].
C. Scattering amplitudes
For the π−p → K0Λ(1520) reaction, with the effec-
tive interaction Lagrangian densities given above, we can
easily construct the invariant scattering amplitudes,
− iTi = u¯µ(p4, sΛ∗)Aµi u(p2, sp), (19)
where uµ and u are dimensionless Rarita-Schwinger and
Dirac spinors, respectively, while sΛ∗ and sp are the spin
polarization variables for final Λ(1520) resonance and ini-
tial proton, respectively. To get the scattering amplitude,
we also need the propagators for nucleon and N∗(2080),
K∗ meson, and Σ+ baryon,
GN (qs) = i
/qs +mN
s−m2N
, (20)
GµνK∗(qt) = i
−gµν + qµt qνt
t−m2K∗
, (21)
GΣ(qu) = i
/qu +mΣ
u−m2Σ
, (22)
GµνN∗(qR) = i
/qR +MN∗
s−M2N∗ + iMN∗ΓN∗
Pµν , (23)
and
Pµν = −gµν + 1
3
γµγν +
2
3M2N∗
qµRq
ν
R
+
1
3MN∗
(γµqνR − γνqµR), (24)
where MN∗ and ΓN∗ are the mass and the total decay
width of the N∗ resonance.
Then, the reduced Aµi amplitudes in Eq. (19) can be
easily obtained,
Aµs = −i
√
2gpiNNgKNΛ∗
mK(s−m2n)
(/qs −mn)γ5pµ3 fs, (25)
Aµt = −i
√
2gK∗KpigK∗NΛ∗
t−m2K∗
(pµ1 + p
µ
3 −
m2K −m2pi
m2K∗
qµt )ft, (26)
Aµu = −i
√
2gpiΣΛ∗gKNΣ
mpi(u−m2Σ+)
(/qu −mΣ+)pµ1 fu, (27)
AµR = i
√
2gpiNN∗
mpimKD
[
g1/p3(/qR −MN∗)
(
pµ1 −
1
3
γµ/p1 +
1
3MN∗
(γµqR · p1 − qµR/p1)−
2
3M2N∗
qµRqR · p1
)
+
g2
mK
(/qR −MN∗)pµ3
(
p1 · p3 − 1
3
/p3/p1 +
1
3MN∗
(/p3qR · p1 − qR · p3/p1)−
2
3M2N∗
qR · p3qR · p1
)]
fR, (28)
with the sub-indices s, t, u and R stand for the s−channel
nucleon pole, t−channelK∗ exchange, u−channel Σ+ ex-
change, and resonance N∗(2080) terms.
For the pp → pK+Λ reaction, the full invariant am-
plitude in our calculation is composed of four parts cor-
responding to the s−channel nucleon pole and N∗(2080)
resonance, t−chanel K∗, and u−channel Σ, which are
produced by the π0-meson exchanges, respectively,
M =
∑
i=s, t, u, R
Mi. (29)
Each of the above amplitudes can be obtained straight-
forwardly with the effective couplings and following the
Feynman rules. Here we give explicitly the amplitude
Ms, as an example,
Ms = g
2
piNNgΛ∗KN
mK
FNNpi (k
2
pi)F
N∗N
pi (k
2
pi)Fs(q
2
N )Gpi(k
2
pi)×
u¯µ(p4, s4)p
µ
5γ5GN (qN )u(p1, s1)u¯(p3, s3)γ5u(p2, s2)
+(exchange term with p1 ↔ p2), (30)
where si (i = 1, 2, 3) and pi (i = 1, 2, 3) represent the spin
projection and 4-momenta of the two initial and one final
protons, respectively. While p4 and p5 are the 4-momenta
of the final Λ(1520) and K+ meson, respectively. And
s4 stands the spin projection of Λ(1520). In Eq. (30),
kpi = p2 − p3 and qN = p4 + p5 stand for the 4-momenta
of the exchanged π meson and intermediate nucleon. And
Gpi(kpi) is the pion meson propagator,
Gpi(kpi) =
i
k2pi −m2pi
. (31)
5D. Cross sections for pi−p→ K0Λ(1520) reaction
The differential cross section for π−p → K0Λ(1520)
reaction at center of mass (c.m.) frame can be expressed
as
dσ
dcosθ
=
1
32πs
|~p3c.m.|
|~p1c.m.|

1
2
∑
sΛ∗ ,sp
|T |2

 , (32)
where θ denotes the angle of the outgoing K0 relative
to beam direction in the c.m. frame, while ~p1
c.m. and
~p3
c.m. are the 3-momentum of the initial π− and final
K0 mesons. The total invariant scattering amplitude T
is given by,
T = Ts + Tt + Tu + TR . (33)
From the amplitude, we can easily obtain the total
cross sections of the π−p→ K0Λ(1520) reaction as func-
tions of the invariant mass of π−p system. We perform
three parameter (gN∗Npi, Λs = Λt = Λu and ΛR) χ
2−fits
to the experimental data [37] on total cross sections for
π−p → K0Λ(1520) reaction. There is a total of 12 data
points below
√
s = 3.1 GeV.
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FIG. 3: Total cross sections vs the invariant mass s
1
2 for
pi−p→ K0Λ(1520) reaction. The experimental data are from
Ref. [37]. The curves are the contributions from s−channel
nucleon pole term (dashed), t−channel K∗ term (dotted),
u−channel Σ+ term (dash-dotted), s−channelN∗(2080) term
(dash-dot-dotted) and the total contributions of them (solid).
The fitted parameters are: gN∗Npi = 0.14± 0.04,Λs =
Λt = Λu = 0.89 ± 0.05 and ΛR = 0.91 ± 0.03. The
resultant χ2/dof is 1.1. The best fitting results for
the total cross sections are shown in Fig. 3, comparing
with the data. The solid lines represent the full results,
while the contributions from the s−channel nucleon pole,
t−channel K∗ exchange, u−channel Σ+ and s−channel
N∗(2080) terms are shown by the dashed, dotted, dot-
dashed, and dash-dot-dotted lines, respectively. From
Fig. 3, one can see that we can describe the experi-
mental data of total cross sections quite well, while the
s−channel nucleon pole andN∗(2080) resonance and also
the u−channel Σ+ exchange give the dominant contribu-
tions below
√
s = 2.4 GeV. The t−channel K∗ exchange
diagram gives the minor contribution.
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FIG. 4: Differential cross sections for pi−p → K0Λ(1520)
reaction. The curves are the contributions from s−channel
nucleon pole term (dashed), t−channel K∗ term (dotted),
u−channel Σ+ term (dash-dotted), s−channelN∗(2080) term
(dash-dot-dotted) and the total contributions of them (solid).
6With the above fitted parameters, the corresponding
calculation results for the differential cross sections for
π−p → K0Λ(1520) reaction at the energy around the
central mass of N∗(2080) resonance,
√
s = 2.05 GeV,√
s = 2.10 GeV, and
√
s = 2.15 GeV, are shown in
Fig 4(a), Fig 4(b), and Fig 4(c), respectively. These pre-
dictions can be checked by the future experiments.
Besides, with the strong coupling constant, gN∗Npi,
which was obtained from the χ2−fits, we have evaluated
the N∗(2080) resonnance to Nπ partial decay width,
ΓN∗→Npi =
g2N∗Npi
4π
|~p c.m.N |3
m2piMN∗
(EN −mN ), (34)
as deduced from the Lagrangian density of Eq. (3). In
the above expression,
EN =
M2N∗ +m
2
N −m2pi
2MN∗
, (35)
|~p c.m.N | =
√
E2N −m2N . (36)
With the values ofMN∗ = 2115MeV, ΓN∗ = 254 MeV,
and also gN∗Npi = 0.14± 0.04, we can get
Br(N∗ → Nπ) = ΓN∗→Npi
ΓN∗
= (2.9± 1.6)%, (37)
with the error from the uncertainty of the coupling con-
stant gN∗Npi. The above value is consistent with the re-
sult (6 ± 2)% that was obtained from the multichannel
analysis [38].
III. NUMERICAL RESULTS FOR
pp→ pK+Λ(1520) REACTION AND DISCUSSIONS
With the formalism and ingredients given above, the
calculations of the differential and total cross sections for
pp→ pK+Λ(1520) are straightforward,
dσ(pp→ pK+Λ(1520)) = 1
4
m2p
F
∑
s1,s2
∑
s3,s4
|M|2 ×
mpd
3p3
E3
mΛ(1520)d
3p4
E4
d3p5
2E5
δ4(p1 + p2 − p3 − p4 − p5),
(38)
with the flux factor
F = (2π)5
√
(p1 · p2)2 −m4p . (39)
The total cross section versus the beam energy (plab)
of the proton for the pp → pK+Λ(1520) reaction is
calculated by using a Monte Carlo multi-particle phase
space integration program. The results for beam ener-
gies plab from just above the production threshold 3.59
GeV to 5.0 GeV are shown in Fig. 5. The dashed, dot-
ted, and dash-dotted lines stand for contributions from
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FIG. 5: Total cross sections vs beam energy plab of proton
for the pp → pK+Λ(1520) reaction from present calculation.
The dashed, dotted, and dash-dotted lines stand for contri-
butions from nucleon pole, Σ+ pole and N∗(2080) resonance,
respectively. Their total contribution are shown by the solid
line. The one experimental data point is taken from Ref. [40].
nucleon pole, Σ+ pole and N∗(2080) resonance, respec-
tively. Their total contributions are shown by the solid
line. 1 From Fig. 5, we can see that the contribution
from the u−channel Σ+ exchange is predominant at the
very close to threshold region, but, when the beam en-
ergy goes up, the contributions from s−channel nucleon
pole and N∗(2080) resonance turn to be very important.
It is important to note that our predictions for the
total cross section of pp → pK+Λ(1520) reaction, at
plab = 3.65 GeV, is 0.01µb, which is 20 times smaller
than the experimental upper limit 0.2µb as measured by
the COSY-ANKE Collaboration [9]. This shows that
our model predictions are consistent with the experimen-
tal results. Moreover, the total cross section of pp →
pK+Λ(1520) reaction is measured with HADES [40] at
GSI at kinetic beam energy Tp = 3.5 GeV (corresponding
to plab = 4.34 GeV)
2. The result is 5.6±1.1±0.4+1.1−1.6 µb,
as shown in Fig. 5, by comparing with our theoretical
result, 11.5 µb. If we modify the cut off parameters Λpi
and Λ∗pi from 1.3 GeV to 1.0 GeV, we get σ = 5.45 µb,
which is in agreement with the experimental data well.
However, it does not make sense to fit the only one data
point. So we still keep Λpi = Λ
∗
pi = 1.3 GeV as used
in many previous works [30]. We should also mention
that, in the present calculation, we did not include the
1 Since the t−channel K∗ meson exchange gives very small con-
tribution to the pi−p → K0Λ(1520) reaction, especially for the
invariant mass of KΛ(1520) below 2.4 GeV, so in the calculation
for pp→ pK+Λ(1520) reaction, we ignore its contribution.
2 plab =
√
Elab
2
−m2p =
√
(Tp +mp)2 −m2p.
7FIG. 6: Momentum distribution (arbitrary units), invariant mass spectrum (arbitrary units), and Dalitz Plot for the pp →
pK+Λ(1520) reaction at beam energy plab = 3.67 GeV comparing with the phase space distribution.The dashed lines are pure
phase space distributions, while the solid lines are full results from our model.
Λ(1520)p final-state-interaction (FSI), which can increase
the results even by a factor of 10 at the very near thresh-
old region, such as the important role played by Λp FSI
in the pp → pK+Λ reaction [39]. This is because there
are no experimental data on this reaction and also very
scarce information about the Λ(1520)p FSI.
Furthermore, the corresponding momentum distribu-
tion 3 of the final proton and K+ meson, the KΛ(1520)
invariant mass spectrum, and also the Dalitz Plot for
the pp → pK+Λ(1520) reaction at beam momentum
plab = 3.67 GeV, which is accessible for DISTO Col-
laboration [5], are calculated and shown in Fig. 6(a),
3 It is worth to note that our results are calculated in the reaction
laboratory frame, in which the target proton is at rest.
Fig. 6(b), Fig. 6(c), and Fig. 6(d), respectively. The
dashed lines are pure phase space distributions, while,
the solid lines are full results from our model. From
Fig. 6, we can see that even at plab = 3.67 GeV, there
is a clear bump in the KΛ(1520) invariant mass distri-
bution, which is produced by including the contribution
from N∗(2080) resonance.
At the energy point of beam momentum plab = 3.67
GeV, the contribution from u−channel Σ+ exchange is
still dominant, so, for comparing, we also present our
calculated differential distributions at plab = 4.34 GeV
where the contribution from the s−channel nucleon pole
and N∗(2080) resonance is dominant. Our results are
shown in Fig. 7. We can see that our model results for the
momentum distribution of final proton are much different
from the phase space distribution.
The momentum distribution, invariant mass spectra
8FIG. 7: As in Fig. 6, but for plab = 4.34 GeV.
and the Dalitz plots in Figs. 6 and 7 show direct infor-
mation about the pp→ pK+Λ(1520) reaction mechanism
and may be tested by the future experiments.
IV. SUMMARY
In this paper, the Λ(1520) hadronic production in
proton-proton and π−p collisions are studied within the
combination of the effective Lagrangian approach and the
isobar model. For π−p → K0Λ(1520) reaction, in addi-
tion to the ”background” contributions from t−channel
K∗ exchange, u−channel Σ+ exchange, and s−channel
nucleon pole terms, we also considered the contribu-
tion from the nucleon resonance N∗(2080) (spin-parity
JP = 3/2−), which has significant coupling to KΛ(1520)
channel. We show that the inclusion of the nucleon res-
onance N∗(2080) leads to a fairly good description of
the low energy experimental total cross section data of
π−p → K0Λ(1520) reaction. The s−channel nucleon
pole and N∗(2080) resonance and also the u−channel
Σ+ exchange give the dominant contributions below in-
variant mass
√
s = 2.4 GeV, while the t−channel K∗
exchange diagram gives the minor contribution.
From χ2−fits to the available experimental data for
the π−p→ K0Λ(1520) reaction, we get the N∗(2080)Nπ
coupling constant gN∗(2080)Npi = 0.14± 0.04, which gives
the branching ration of N∗(2080) resonance to Nπ as
(2.9 ± 1.6)%. Our result is consistent with the previ-
ous work. Besides, the corresponding predictions for the
differential cross sections of π−p → K0Λ(1520) are also
shown, by which the future experiments can check our
model.
Basing on the study of π−p → pK+Λ(1520) reaction,
we study the pp → pK+Λ(1520) reaction with the as-
sumption that the production mechanism is due to the
π0-meson exchanges. We give our predictions about to-
tal cross sections of this reaction. Our results show
that the contribution from the u−channel Σ+ exchange
is predominant at the very near threshold region, but,
9when the beam energy goes up, the contributions from
s−channel nucleon pole and N∗(2080) resonance turn to
be very important. Furthermore, we also demonstrate
that the invariant mass distribution and the Dalitz Plot
provide direct information of the pp → pK+Λ(1520) re-
action mechanisms and may be tested by the future ex-
periments.
Finally, we would like to stress that due to the im-
portant role played by the resonant contribution in the
π−p→ K0Λ(1520) and pp→ pK+Λ(1520) reactions, ac-
curate data for these reactions can be used to improve
our knowledge on the N∗(2080) properties, which are at
present poorly known. This work constitutes a first step
in this direction.
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